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Abstract 
Influence of pulse discharge on pore structure and surface properties of granular activated carbon (GAC) were 
investigated with the combination of pulsed streamer discharge in the non equilibrium plasma water treatment reactor. 
The results showed that the textural properties of all three GAC were modified only slightly in pulse streamer 
discharge; however, their chemistry surface properties were influenced strongly. Both the acid and basic functional 
groups on the carbon surface could be increased. The results of repeated use indicated that GAC can be efficiently 
regenerate in situ during combined treatment. 
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1. Introduction 
Some recent studies [1-3] have reported that activated carbon (AC) can accelerate ozone 
decomposition resulting in the formation of hydroxyl radicals. It is demonstrated that incorporated metal 
centers, electrons of the graphenic layers (basal plane electrons) and basic surface groups of the AC, are 
the main factors responsible for the decomposition of ozone at the AC surface [4-6]. Since liquid-phase 
corona discharge reactor can also be configured to produce ozone through injection of oxygen through a 
high voltage hollow electrode immersed in water [7], there may be an advantage of using AC in such a 
situation. Previous work has shown that the combination of aqueous-phase pulsed streamer-like corona 
discharge with suspended AC particles leads to enhancement of the overall removal of phenol compared 
to the pulsed corona discharge alone [8-9]. The combination of AC and potassium salts has been shown to 
affect the power waveform of the pulsed corona reactor [10]. A mathematical model accounting for 
Available online at www.sciencedirect.com
© 2011 Published by Elsevier B.V. Selection and/or peer-review under responsibility of International Materials Science Society. 
Open access under CC BY-NC-ND license.
Open access under CC BY-NC-ND license.
Yan-Zong Zhang et al. / Energy Procedia 16 (2012) 1886 – 1890 1887
Author name / Energy Procedia 00 (2011) 000–000 
adsorption, mass transfer and surface reaction on AC has been developed [11]. However, the influence of 
chemical surface properties on the oxidation of adsorbed organic pollutants has not been analyzed.  
The objective of this research was to evaluate the change of physicochemical properties of GAC in 
pulse discharge. In addition, the regeneration of GAC was also discussed. MO was chosen as goal 
reactants because its structure belonged to azo dyes. 
2. Experimental 
2.1 Experimental setup 
The experimental apparatus contain pulse power supply and non equilibrium plasma-based water 
treatment reactor. Voltage and pulse frequency range of the pulse power supply is 0-60 kV and 0-320 
pulses per second (pps), respectively. The detailed schematic of reactor is showed in Fig. 1. All the 
experiments were carried out in the batch reactor and the solution was prepared with deionized water with 
conductivity 15 μS/cm. The reactor was filled with 200 mL of MO solution with concentrations of 60 
mg/L and 1 g of GAC for each test. 
 
Figure 1.  Schematic of pulsed discharge reactor 
2.2 Materia  
All chemicals used in present study were obtained from Sinopharm Chemical Reagent Co., Ltd. MO 
(AR) was dissolved in distilled water to the required concentrations. Prior to use, the as-received 
commercial GAC, one coal-based granular activated carbon (GAC1) and two coconut shell-based 
granular activated carbon (GAC2 and GAC3) were sieved into a uniform size of 1-1.6 mm, thoroughly 
washed with distilled water, dried at 105 ℃ for 24 h and stored in a desiccator until use. 
3. Analytical methods 
The SBET of GAC samples was determined from the BET equation applied to the N2 adsorption 
isotherms at 77 K, which were obtained using a Quantachrome Autosorb-1 automated gas adsorption 
system. The micropore volume (V1) and micropore structure were determined by HK method, the 
mesopore volume (V2) were determined by BJH desorption pore size distribution. The content of surface 
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oxygen groups both acidic and basic was determined by Boehm’s titrations [12]. The textural and 
chemical characterisation of GAC samples used in this study was listed in table 1. 
4. Results and discussion 
4.1 Changes in surface chemistry of GAC during discharge 
Previous study [13] indicated that the oxidation of AC by ozone reduces its catalytic properties due to 
the decrease of basic groups and the increase of acid functional groups (AFG). The AFG reduce the 
electron density of AC graphene layers, thereby diminishing the reductive properties of AC and its 
reactivity with ozone. According to the results obtained by Boehm’s titration method (Table 1), there is a 
significant increase in the amount of acid groups on the surface of those GAC samples after reuse. 
Comparing with previous study [14], the acid groups increase more quantity and have almost equivalent 
amount on their surface. It is possible that AC is oxidized by plasma and ozone together.  
Table 1 Textural and chemical characterisation of virgin GAC samples before and after discharge 
 SBET (m2/g) 
V1 
(cm3/g) 
V2 
(cm3/g) 
Acid groups 
(μmol/g) 
Basic groups 
(μmol/g) 
Virgin GAC1V 977 0.422 0.268 0.146 0.462 
Used GAC1V 964 0.401 0.250 0.792 0.482 
Virgin GAC2V 525 0.145 0.142 0.237 0.624 
Used GAC2V 505 0.130 0.130 0.793 0.463 
Virgin GAC3V 885 0.358 0.194 0.320 0.167 
Used GAC3V 869 0.340 0.180 0.762 0.356 
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Figure 2.  Effect of pulse discharge process on textural properties of GAC3V 
 
However, the basic groups on the surface of GAC1 and GAC3 not only do not reduce but also increase 
instead. The basic groups increase by 4% and 176% respectively. Especially, GAC3 increases most 
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because there are less original BFG. The results are contrary to previous research conclusion [14]. The 
basic groups of GAC2 reduce by 26%, but still keep higher quantity. The previous study [15] reported 
that heat treatment of AC enhanced its basicity. It may be the result of the adsorption of molecular oxygen 
and the form of superoxide ions O2-, which can act as a strong Brönsted base. It is well known that the 
temperature in the plasma channel during an electrohydraulic discharge is very high; thus, the treatment 
with oxygen plasma increases all the chemical surface groups, even basic groups [16]. Therefore, the 
development of basicity should be also considered in the evaluation of the change in chemical property of 
AC [17]. Because of basic groups maintains higher quantity, even after a few cycles of use, the AC 
continues to be active in promoting ozone decomposition. 
4.2 Influence of discharge on textural properties of GAC 
The main structure parameters of all three virgin and exhausted GAC are listed in Table 1. It can be 
seen that a slight decrease in SBET, V1 and V2 is observed for all three exhausted GAC, but there is no 
change for the macropores volume. As an example, the nitrogen adsorption isotherm and pore size 
distributions of GAC3 samples are shown in Fig. 2. The isotherms in Fig. 2a can be categorized as type 
Ⅱ of the IUPAC classification. The micropore size distribution in Fig. 2b shows that, compared with the 
virgin GAC3, the main peak of exhausted GAC1 produce a shift to the right. The similar phenomenon 
present to GAC1 and GAC2. This may be that oxygen atoms produced in pulse streamer discharge are 
quickly quenched by the collision at the surface and lose their energy to initiate further reactions at deeper 
levels [18], which resulting in the pore walls are destroyed by the gasification of the carbon. The peak at 
0.73 nm and 0.81-0.85 nm reduces more because of the collapsing of some micropores, which decrease 
V1. A slight decrease of nitrogen adsorption capacity is observed for after oxidation GAC1 sample, which 
relates to the reduction of V1. The decrease of the surface area is mainly concentrated in micropores. 
Besides, the oxygen species that resulted from the decay of activated species, recombination between 
electrons and ions, and recombination between radicals, can penetrate by diffusion into the carbon 
porosity and functionalize the internal surface [18]. A blockage of pores due to surface functional groups 
can be a cause of the reduction in surface area. 
4.3 Regeneration of GAC in combined treatment 
To examine the adsorptive capacity of all three exhausted GAC after combined treatment, the 
saturation adsorption was operated for 48 h with sixth experiment samples, respectively. For GAC1, 
GAC2 and GAC3, the adsorption capacity is 23.7, 13.6 and 24.2 mg/g, and is cut down 6.1, 2.0 and 5.0 
mg/g respectively comparing with of virgin GAC. The results indicate that only a small amount of MO 
molecules and by-products are adsorbed on GAC. It can be concluded that GAC can be well regenerated 
in situ in pulsed discharge.  
5. Conclusions 
Because of the surface oxidation that occurs during pulsed discharge process, the acid groups increase 
more quantity and have almost equivalent amount on all three GAC surface. However, the basic groups 
on the surface of GAC1 and GAC3 not only is not reduced but also increased instead. Moreover, the 
surface area and pore volume were altered only slightly in pulse discharge, which decrease some extent as 
compared to the original sample, but the chemistry surface properties were influenced strongly, both the 
acid and basic functional groups on the carbon surface can be increased. Repeated used of virgin GAC 
indicate that only a small amount of MO molecules and by-products are adsorbed on GAC. The 
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regeneration efficiency reach 77% after saturated GAC samples was carried out six cycles. Thus it can be 
seen that the AC not only keeps the high performance catalysis, but also realizes regeneration in situ. 
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